SUMMARY Sixteen patients who had a nasopharyngeal carcinoma (NPC) who were treated with radiation therapy were followed up after a median duration of 5 5 years and given a battery of neuropsychological tests. Results were compared with a comparable group of newly diagnosed NPC patients awaiting radiation therapy. The irradiated group was significantly poorer in overall IQ, nonverbal memory recall, and reported a substantially greater number of memory related complaints. These results contrast with the complacent general assumption that radiation therapy has a negligible effect on adult functioning.
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The central nervous system is often exposed to considerable doses of irradiation.'2 This happens when a primary or secondary tumour within the central nervous system is the target for radiation therapy and also when a tumour outside the central nervous system lies in its close proximity. Thus the temporal lobes are vulnerable to radiation therapy in patients with nasopharyngeal carcinoma (NPC) because they are in the path of the radiation beams.
Although there is now much evidence of the hazardous effects of radiation therapy on life expectancy, genetic structure3 and on the central nervous system4 there is little information about its effect on neuropsychological functioning. Consequently, patients' needs for information and after care of such effects after radiation therapy may have been underestimated.5 Neuropsychological studies on the effects of radiation therapy in adults are scant and poorly documented and in similar studies on children, the results are conflicting and inconsistent. Nevertheless two major trends are noted. First, most studies have indicated that the age at diagnosis and treatment is important and the age of 5 is generally regarded as a critical time.
If CNS irradiation takes place before 5, the effect on the intellectual development of the child is likely to be serious."'0 Secondly, the effect of radiation therapy, if present, mainly concentrates on the nonlanguage aspects of cognitive functioning. It is usually the performance scores of the intelligence test that are adversely affected.
Whether adverse neuropsychological effects occur in adults who have received radiation therapy is unclear. Radionecrosis of the temporal lobes developed after a mean interval of60 months in a small group of seven subjects with nasophyaryngeal carcinoma studied retrospectively" but there are little data on the neuropsychological functioning of such patients. The present study investigated the effect of radiation therapy on the neuropsychological functioning of adult patients with nasopharyngeal carcinoma. It was undertaken for two reasons. Firstly, while a number of studies have been done on children in this area, there are few data on adults. An unspoken but untested assumption seems to exist regarding the absence of adverse effects on adults. Secondly, by virtue of its location beneath the base of the skull and its propensity to spread through it, nasopharyngeal carcinoma does not lend itself to radical surgical excision, and radiation therapy remains the definitive treatment.'2'4 "Understanding how patients may be affected by this treatment is important for subsequent rehabilitation. This study employed both a prospective as well as cross-sectional design. The results of the cross-sectional study are now reported.
Effects ofradiation therapy on neuropsychologicalfunctioning in patients with nasopharyngeal carcinoma 489 11114, (3) received only a single course of radiation therapy without other modalities of treatment, such as chemotherapy, (4) at least 2 years after completion of the course of radiation therapy, (5) in complete remission with no evidence of disease clinically, endoscopically or radiologically; and (6) ambulatory without motor, sensory or cranial nerve deficits attributable to either disease or the effect of treatment.
During the same period, patients recently diagnosed with NPC and waiting for radiation therapy were included as controls (as well as prospective patients for the longitudinal segment of the study) if they satisfied the following criteria: (1) age between 35 and 65; and (2) staging at initial diagnosis being Stages I, II, or III.
Informed consent was obtained from all subjects. All subjects received a standard neurological examination and a cranial computed tomography (CT) to identify any area of radiation necrosis or any evidence of intracranial lesion.
Radiation therapy to the nasopharynx was delivered by a 8MV linear accelerator or a telecobalt-60 unit. The whole treatment was divided into 2 phases. For phase 1, the nasopharynx was treated by two lateral opposing facial fields to half of the intended dose. For phase II, the nasopharynx was treated by a three-field technique consisting of two lateral opposing and one anterior facial field. The eyes, a large part of the tongue and brainstem were shielded from the lateral fields. The lateral part of the temporal lobes were also shielded together with the eyes in the anterior field. The dose schedule for the nasopharnyngeal regions consisted of 350 cGy mean tumour dose thrice per week to 59-5 Gy over 6 weeks (range 55-63 Gy), corresponding to a time and dose factor of 127 (range 118-135). Simultaneously, the neck was treated by an anterior cervical field to 52 5 Gy over 5j weeks, with the larynx and the spinal cord shielded centrally. In all cases, as the superior margin of the treatment field was above the sella turcica and covered the sphenoid sinus, a potential site of tumour spread, part of both temporal lobes and the pituitary-hypothalamic axis would be within the target volume. The inferior parts of both temporal lobes were treated with a mean vertical span of 2 5 cm (range 2-2-2 8 cm) to a mean estimated dose of 52 8 Gy (range 47-57 Gy).
Methods
All patients were assessed on a battery of neuropsychological tests by either one of the two psychologists involved in the study. Tests of intellectual functioning. Patients' intellectual functioning was assessed using the information, comprehension, similarities, coding, and the block design subtests of the Wechsler Adult Intelligence Scale. The overall verbal, performance and full scale IQs were prorated and calculated on the basis of the subtests administered. Tests of memory functioning. Memory functioning was assessed with three tests and a self-report memory checklist. The Logical Memory Test involved an immediate and a 30 minutes delayed recall of two short prose passages read to subjects. The score obtained was the number of segments of the stories correctly recalled. The Associate Learning Test required subjects to learn 10 pairs of word lists. A total of three presentations were given, and the score was calculated on the basis of the number of easy and difficult associations correctly learnt. The Rey Figure is a test of non-verbal memory recall where subjects were asked to copy a geometric figure (the Rey Figure) and then, without forewarning, to attempt to reproduce it after 30 minutes. Lee, Hung, Woo, Tai, Choi affect test results adversely.'8 Despite this, the control subjects' better performance can be taken as a further documentation of the detrimental effects of radiation therapy on the cognitive functioning of NPC patients. Sex and educational level were noted to have a significant effect on neuropsychological tests performance. Being females and having a low educational level tended to be associated with a lower score in memory and intellectual functioning assessment. The effects of sex, however, were dubious as an examination of our female subjects indicated that the majority of them had either no or very little formal education. From the analysis of variance results, curiously little interactive effects of sex, educational level and radiation therapy were detected. One exception was the immediate recall of verbal information where a better education was noted to enable subjects to achieve a higher percentage of recall despite detrimental radiation effects on other functions. This may be due to a better utilisation of memory and retrieval tactics provided by general education such that actual memory test performance was protected despite other detrimental influences.
As the majority of our patients had normal CT scans, little correlation was noted between neuropsychological functioning and radiological abnormalities. It must, however, be pointed out that CT may not detect subtle changes such as white matter abnormalities which may be better delineated with MRI.
Owing to the limitation of resources CT is the best guide we have at this stage.
Owing to the paucity of information on neuropsychological functioning on adult patients after radiation therapy, a brief review of findings from research on children is likely to provide some relevant pointers for our consideration. Positive results were generally noted in studies which compared the performance of leukaemic children with that of the normal population. Compared with healthy siblings, leukaemic children with radiation therapy were found to have significantly lower IQ,8"9 significantly poorer scores in verbal comprehension, perceptual organisation, freedom from distractibility and reading age assessment.7 Eiser A follow-up study of the control subjects after they complete their radiation therapy is planned. Repeat assessment and comparison of the data with baseline measures will more definitively point to areas of deficits arising from radiation therapy. The likely effects on cognitive, social and occupational functioning, as well as any structural changes associated with radiation therapy will be measured over time. The effects and progression of probable neuropsychological as well as social and occupational deterioration will be reported in due course.
